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(57) ABSTRACT

Energy storage devices, battery cells, and batteries of the
present technology may include a first circuit board charac-
terized by a first surface and a second surface opposite the
first surface. The second surface may include a conductive
layer. The batteries may include a battery stack overlying the
first circuit board and electrically coupled with the second
surface of the first circuit board. The battery stack may
include a plurality of battery cells. The batteries may include
a second circuit board overlying the battery stack. The
second circuit board may be characterized by a first surface
and a second surface opposite the first surface. The second
surface may include a conductive layer, and the battery stack
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may be electrically coupled with the second surface of the
second circuit board. The batteries may include a power
distribution block electrically coupled with the first and

second circuit boards.
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BATTERY CONFIGURATIONS HAVING
BALANCED CURRENT COLLECTORS

TECHNICAL FIELD

The present technology relates to batteries and battery
components. More specifically, the present technology
relates to battery configurations utilizing current collectors
with balanced current distributions.

BACKGROUND

In batteries and battery cells, configurations are often
limited by the shape of the cell itself. This may i1mpact
packaging, current distribution, and a host of other related
aspects. Improved designs and processes are needed.

SUMMARY

The present technology relates to energy storage devices,
including battery cells and batteries, which may include
lithium-10n batteries having a variety of shapes including
stacked cells, and which may be or include bipolar batteries
as well as batteries stacked 1n any orientation including
vertical and horizontal, for example. These devices may
include current collectors configured based on a z-direction
transmission of current through the collectors and cell
components, although current collectors configured based
on an xy-directional transmission of current may also benefit
from the present designs. The batteries and cells may 1include
a host of features and material configurations as will be
described throughout the present disclosure.

Energy storage devices, battery cells, and batteries of the
present technology may 1nclude a first circuit board charac-
terized by a first surface and a second surface opposite the
first surface. The second surface may include a conductive
layer. The batteries may 1include a battery stack overlying the
first circuit board and electrically coupled with the second
surface of the first circuit board. The battery stack may
include a plurality of battery cells. The batteries may include
a second circuit board overlying the battery stack. The
second circuit board may be characterized by a first surface
and a second surface opposite the first surface. The second
surface may include a conductive layer, and the battery stack
may be electrically coupled with the second surface of the
second circuit board. The batteries may include a power
distribution block electrically coupled with the first surface
of the first circuit board along a first edge of the first circuit
board. The power distribution block also may be electrically
coupled with the first surface of the second circuit board
along a first edge of the first circuit board.

In some embodiments, the first circuit board may be
characterized by a second edge extending orthogonally to
the first edge. The second edge may be plated with a
conductive material extending about the second edge and
coupling the second surface of the first circuit board with the
first surface of the first circuit board. The first circuit board
may be characterized by a second edge extending orthogo-
nally to the first edge. A plurality of conductive vias may be
defined through the second edge of the first circuit board and
may electrically couple the second surface of the first circuit
board with the first surface of the first circuit board. The
plurality of conductive vias may be distributed equidistantly
along the second edge of the first circuit board. A plurality
of conductive traces may be formed along the first surface of
the first circuit board extending from the first edge of the first
circuit board to the second edge of the first circuit board to
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clectrically couple with the plurality of conductive wvias
through the first circuit board. The first edge of the first
circuit board may be characterized by a proximal end at
which the second edge intersects the first edge. A first
conductive trace formed adjacent the proximal end may be
characterized by a first impedance. A second conductive
trace adjacent a distal end of the first edge of the first circuit
board may be characterized by a second impedance less than
the first conductive trace.

The second conductive trace may be characterized by a
greater width than the first conductive trace. Each successive
trace of the plurality of traces positioned along the first edge
of the first circuit board from the distal end of the first edge
of the first circuit board to the proximal end of the first edge
of the first circuit board may be characterized by an increas-
ing impedance relative to a preceding trace. Each successive
trace of the plurality of traces positioned along the first edge
of the first circuit board from the distal end of the first edge
of the first circuit board to the proximal end of the first edge
of the first circuit board may be characterized by a decreas-
ing trace length relative to a preceding trace. The second
circuit board may be characterized by a second edge extend-
ing orthogonally to the first edge of the second circuit board
from a proximal end of the first edge of the second circuit
board. The second edge of the second circuit board may be
vertically aligned with the second edge of the first circuit
board. The second circuit board may be characterized by a
third edge opposite the second edge and extending from a
distal end of the first edge of the second circuit board. A
plurality of conductive vias may be defined through the third
edge of the second circuit board and electrically couple the
second surface of the second circuit board with the first
surface of the second circuit board. A plurality of conductive
traces may be formed along the first surface of the second
circuit board extending from the first edge of the second
circuit board to the third edge of the second circuit board to
clectrically couple with the plurality of conductive vias
through the second circuit board. A first conductive trace
formed adjacent the proximal end of the first edge of the
second circuit board may be characterized by a first imped-
ance, and wheremn a second conductive trace adjacent a
distal end of the first edge of the second circuit board 1is
characterized by a second impedance greater than the first
conductive trace.

Some embodiments of the present technology may
encompass batteries. The batteries may include a first circuit
board characterized by a first surface and a second surface
opposite the first surface. The second surface may 1nclude a
conductive layer. The batteries may include a battery stack
overlying the first circuit board and electrically coupled with
the second surface of the first circuit board. The battery stack
may include a plurality of battery cells. The battery stack
may define a plurality of apertures through an active region
of the battery stack. The batteries ma include a second circuit
board overlying the battery stack. The second circuit board
may be characterized by a first surface and a second surtace
opposite the first surface. The second surface may 1nclude a
conductive layer. The battery stack may be electrically
coupled with the second surface of the second circuit board.
The batteries may include a power distribution block elec-
trically coupled with the first surface of the first circuit board
along a first edge of the first circuit board. The power
distribution block may also be electrically coupled with the
first surface of the second circuit board along a first edge of
the first circuit board. The batteries may include a plurality
of retaining members coupling the second circuit board with
the first circuit board. Each retaining member of the plurality
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of retaining members may extend through a separate aper-
ture of the plurality of apertures through the active region of

the battery stack.

In some embodiments the batteries may include a plural-
ity of busbars extending laterally across the first surface of
the first circuit board. Each busbar may be coupled with at
least two retaimning members of the plurality of retaining
members. A first set of busbars of the plurality of busbars
may be electrically coupled with the second surface of the
first circuit board via a first set of retaining members of the
plurality of retaining members. Each retaining member of
the first set of retaining members of the plurality of retaining
members may include a conductive coupler extending
through the first circuit board and electrically coupling the
first set of busbars of the plurality of busbars with the second
surtace of the first circuit board. A second set of busbars of
the plurality of busbars may be electrically coupled with the
second surface of the second circuit board via a second set
of retaining members of the plurality of retaining members.
Each retaining member of the second set of retaining mem-
bers of the plurality of retaining members may include a
conductive coupler extending through the first circuit board
and the battery stack and electrically coupling the second set
of busbars of the plurality of busbars with the second surface
ol the second circuit board. A recess may be formed within
the active region of the battery stack through one or more
battery cells of the battery stack. The batteries may include
clectrical components disposed within the recess formed
within the active region of the battery stack. The plurality of
busbars may be connected through the first circuit board
with the electrical components seated within the recess
formed within the active region of the battery stack.

Such technology may provide numerous benefits over
conventional technology. For example, the present devices
may provide improved current distributions across current
collectors. Additionally, batteries according to some
embodiments of the present technology may facilitate cut
out regions for components or devices. These and other
embodiments, along with many of their advantages and
features, are described in more detail 1n conjunction with the
below description and attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

A further understanding of the nature and advantages of
the disclosed embodiments may be realized by reference to
the remaining portions of the specification and the drawings.

FIG. 1 shows a schematic cross-sectional view of an
energy storage device according to some embodiments of
the present technology.

FIG. 2 shows a schematic cross-sectional view of a
current collector according to some embodiments of the
present technology.

FIG. 3 shows a schematic exploded view of a battery
according to some embodiments of the present technology.

FIG. 4 shows a schematic top view of a battery according,
to some embodiments of the present technology.

FIG. 5 shows a schematic 1sometric view of circuit boards
according to some embodiments of the present technology.

FIG. 6 A shows a schematic 1llustration of vias and traces
according to some embodiments of the present technology.

FIG. 6B shows a schematic illustration of vias according
to some embodiments of the present technology.

FI1G. 7 shows a schematic top view of a battery according,
to some embodiments of the present technology.

FIG. 8 shows a schematic top view of a battery according,
to some embodiments of the present technology.
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FIG. 9 shows a schematic top view of a battery according,
to some embodiments of the present technology.

FIG. 10 shows a schematic detailed view of electronic
components associated with batteries according to some
embodiments of the present technology.

FIG. 11 shows a schematic view of a battery according to
some embodiments of the present technology.

FIG. 12 shows a schematic view of a battery according to
some embodiments of the present technology.

FIG. 13 shows a schematic cross-sectional view of a
battery according to some embodiments of the present
technology.

FIG. 14 shows a schematic cross-sectional view of a
battery cell according to some embodiments of the present
technology.

Several of the figures are included as schematics. It 1s to
be understood that the figures are for illustrative purposes,
and are not to be considered of scale unless specifically
stated to be of scale. Additionally, as schematics, the figures
are provided to aid comprehension and may not include all
aspects or information compared to realistic representations,
and may include exaggerated material for illustrative pur-
poses.

In the figures, similar components and/or features may
have the same numerical reference label. Further, various
components of the same type may be distinguished by
following the reference label by a letter that distinguishes
among the similar components and/or features. If only the
first numerical reference label 1s used in the specification,
the description 1s applicable to any one of the similar
components and/or features having the same first numerical
reference label 1rrespective of the letter suihix.

DETAILED DESCRIPTION

Batteries, battery cells, and more generally energy storage
devices, may be grouped in packs, where a battery may
include multiple battery cells coupled together to provide a
desired voltage or capacity. When batteries are connected 1n
this way, they are often charged and discharged together.
When battery cells are characterized by extended dimen-
sions, uniform transmission of current may be challenged.
For example, while current flow may occur across locations
close to cell terminals, current flow at central regions may
not as readily occur.

The present technology overcomes these 1ssues by utiliz-
ing pack boards that may better deliver current across
current collectors, and through the battery stack, to provide
more uniform delivery through each battery cell. Addition-
ally, by utilizing battery cells according to some embodi-
ments ol the present technology, electrical components may
be disposed within recesses of the battery stack, which may
reduce an overall footprint of the battery.

Although the remaining portions of the description will
routinely reference lithium-ion batteries, 1t will be readily
understood by the skilled artisan that the technology 1s not
so limited. The present designs may be employed with any
number of battery or energy storage devices, including other
rechargeable and primary, or non-rechargeable, battery
types, as well as electrochemical capacitors also known as
supercapacitors or ultracapacitors. Moreover, the present
technology may be applicable to batteries and energy stor-
age devices used 1n any number of technologies that may
include, without limitation, phones and mobile devices,
handheld electronic devices, laptops and other computers,
appliances, heavy machinery, transportation equipment
including automobiles, water-faring vessels, air travel equip-
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ment, and space travel equipment, as well as any other
device that may use batteries or benefit from the discussed
designs. Accordingly, the disclosure and claims are not to be
considered limited to any particular example discussed, but
can be utilized broadly with any number of devices that may
exhibit some or all of the electrical or chemical character-
istics of the discussed examples.

FIG. 1 depicts a schematic cross-sectional view of an
energy storage device according to embodiments of the
present technology. The energy storage devices may include
a single current collector or coupled current collectors. The
energy storage devices may operate 1 a conventional man-
ner with regard to electronic tlow across or through material
layers, such as providing electronic mobility across an
xy-plane of the current collectors. Additionally, the
described devices may operate by electronic tlow through
the structure 1n a z-direction through individual cells as
opposed to via tabbed current collectors as described above
for conventional batteries, where current 1s delivered later-
ally across a current collector to a tab, which may be
accessed to deliver current from the cell.

As 1llustrated, the stacked battery 100 may include a stack
of electrochemical cells C1, C2, C3, and C4 between end
plates 102 and 104. End plates 102 and 104 may be metal
current collector plates, which can serve both electrical and
mechanical functions. In some embodiments, end plates 102
and 104 can be support plates that form part of an external
housing of the stacked battery. End plates 102 and 104 may
also provide mechanical support within a housing of the
stacked battery. Some or all of the support plates may be
clectrically conductive, and there may be a terminal within
the support plate that 1s electrically connected to the end
plate. In embodiments an additional plate similar to end
plates 102 and 104 may be disposed within the stack of cells,
such as between two cells. This configuration including an
additional plate may provide structural rigidity, and the
additional plate may also preform electronic functions simi-
lar to end plates 102, 104. End plates 102 and 104 may act
as positive and negative terminals of the battery. The cells
may pass current in the z-direction through individual cells
to the end plates, which may transter current in any direction
across the plate and from the battery.

The stack of electrochemical or battery cells may include
any number of electrochemical cells depending on the
selected voltage for the stacked battery 100, along with the
individual voltage of each individual electrochemical cell.
The cell stack may be arranged with as many or as few
electrochemical cells 1n series as desired, as well as with
intervening plates for support and current transifer. For
example, batteries according to some embodiments of the
present technology may include greater than or about 35
battery cells, and may include greater than or about 10,
greater than or about 20, greater than or about 30, greater
than or about 100, greater than or about 200, greater than or
about 500, or more individual cells 1n a battery. The cells C
may be positioned adjacent, e.g. abutting, one another in
some configurations. Each electrochemical cell C may
include a cathode 110 and an anode 120, where the cathode
110 and anode 120 may be separated by separator 130
between the cathode and anode. Between the anode 120 of
cell C1 and the cathode of adjacent cell C2 may be a stacked
current collector 150. The stacked current collector 150 may
form part of C1 and C2. On one side, stacked current
collector 150 may be connected to the seal 140 of C1 and
connected on an opposing side to the seal 140 of C2.

In some embodiments, as shown in FIG. 1, stacked
current collector 150 may include a first current collector
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152 and a second current collector 154. In embodiments one
or both of the current collectors may include a metal or a
non-metal material, such as a polymer or composite. As
shown 1n the figure, 1n some embodiments the first current
collector 152 and second current collector 154 can be
different materials. In some embodiments, the first current
collector 152 may be a material selected based on the
potential of the anode 120, such as copper or any other
suitable metal, as well as a non-metal material including a
polymer. The second current collector may be a material
selected based on the potential of the cathode 110, such as
aluminum or other suitable metals, as well as a non-metal
material including a polymer. In other words, the materials
for the first and second current collectors can be selected
based on electrochemical compatibility with the anode and
cathode active materials used.

The first and second current collectors can be made of any
material known 1n the art. For example, copper, aluminum,
or stainless steel may be used, as well as composite materials
having metallic aspects, and non-metallic materials 1nclud-
ing polymers. In some instances the metals or non-metals
used in the first and second current collector can be the same
or different. The materials selected for the anode and cath-
ode active materials can be any suitable battery materials.
For example, the anode material can be silicon, graphite,
carbon, a tin alloy, lithium metal, a lithium containing
maternial, such as lithium titanium oxide (LTO), or other
suitable materials that can form an anode 1n a battery cell.
Additionally, for example, the cathode material can be a
lithium-containing material. In some embodiments, the
lithium-containing material can be a lithium metal oxide,
such as lithium cobalt oxide, lithhum manganese oxide,
lithium nickel manganese cobalt oxide, lithium nickel cobalt
aluminum oxide, or lithium titanate, while 1n other embodi-
ments, the lithtum-containing material can be a lithium 1ron
phosphate, or other suitable materials that can form a
cathode 1n a battery cell.

The first and second current collectors may have any
suitable thickness, and may have a thickness that allows for
a seal to be formed and provides suitable mechanical sta-
bility to prevent failure, such as breakage of the layers,
during anticipated usage of the stacked battery. Additionally,
the thickness of the current collectors can be sutliciently thin
to allow for bending and flexing in the separation region to
accommodate expansion anticipated during cycling of the
stacked battery, including, for example, up to 10% expan-
sion 1n the z-direction.

Turning to FIG. 2, the stacked current collector 150 may
have a connection region 153 where the first current collec-
tor 152 and second current collector 154 may be connected,
and a gap region 1355 at the peripheral ends of the collector
150. In the connection region 153, the first current collector
and second current collector may be in direct contact or
otherwise jomed to be electrically-conductive. In some
embodiments, the first current collector and second current
collector may be directly connected, while 1n other embodi-
ments the first current collector and second current collector
may be indirectly connected via a conductive material. To
form the connection region 133, the first current collector
152 and the second current collector 154 may be laminated
together. Additionally, the connection region 133 may be
created by welding the first current collector 152 and the
second current collector 154 together. The connection region
153 may also be created by using an adhesive, which may
be electrically conductive, between the first current collector
152 and the second current collector 154. In other embodi-
ments, the connection region 153 may be created by the
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wetting that can occur between the materials of the first
current collector 152 and the second current collector 154.

In the gap region 155, the peripheral ends of the first
current collector 152 and the second current collector 154
may be spaced apart and moveable relative to each other. As
such, there may be a separation distance between the first
and second current collectors, which may increase as the
electrochemical cell swells. In some embodiments, the
spaced apart peripheral ends of the first current collector 152
and the second current collector 154 may be of a length that
1s sullicient to accommodate an anticipated expansion of the
individual electrochemical cells of the stacked battery dur-
ing cycling of the battery. The peripheral ends of the current
collectors 152a and 1544 may have a length L, as shown 1n
FIG. 2, which may be long enough that up to or at least about
10% expansion in the z-direction can be accommodated.

As shown 1n FIG. 1, each cell C1, C2, C3, and C4, also
includes a seal 140, which, with the current collector layers,
may electrochemically 1solate the electrochemical cells from
cach other. Thus, each cathode-anode pair may be electro-
chemically sealed and isolated from neighboring electro-
chemical cells. Because the current collectors 152 and 154
may be separated at the peripheral ends, separate seals 140
can be formed on opposing sides, such as a top and bottom,
of the stacked current collector 150. The seals 140 may be
the same or different materials, and each seal 140 may also
be a laminate, composite, or coupling of two or more
materials 1n embodiments.

The seal material may be able to bond with the first and
second layers of the stacked current collector to prevent
clectrolyte leakage. The seal material may be a polymer, an
epoxy, or other suitable electrically-insulating material that
can bond with first and second current collectors to create a
seal, which may be a hermetic seal. In some embodiments,
the polymer may be polypropylene, polyethylene, polyeth-
ylene terephthalate, polytrimethylene terephthalate, polyim-
ide, or any other suitable polymer that may bond with the
first and second current collectors of the stacked current
collector to form a hermetic seal and may also provide
resistance to moisture ingress. The electrolyte may be a
solid, a gel, or a liquid 1n embodiments. The seal may
clectrochemically 1solate each electrochemical cell by her-
metically sealing the cell, thereby preventing 1ons in the
clectrolyte from escaping to a neighboring electrochemical
cell. The seal material may be any material providing
adequate bonding with the metal layers such that the seal
may be maintained through a predetermined period of time
or battery usage.

The separator may be wetted with the electrolyte, such as
a tluid electrolyte or gel electrolyte, to incorporate the
clectrolyte into the stacked battery. Alternatively, a gel
clectrolyte may coat the separator. In still further alterna-
tives, a gel electrolyte may coat the first metal layer and/or
second metal layer before combination. Additionally, the
clectrolyte may be blended with particles of electrode active
matenal. In various embodiments, icorporating the elec-
trolyte into the components of the stacked battery may
reduce gassing in the stacked battery. In vanations that
include a flexible seal, the stacked battery may accommo-
date gas resulting from degassing.

The individual electrochemical cells may be formed in
any suitable manner. In some embodiments, the cathode 110,
the anode 120, and the separator 130 may be preassembled.
A first current collector 152 may then be connected to the
anode while a second current collector 154 may be con-
nected to the cathode to create a cell. The seal material may
be disposed between the first current collector 152 and the
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second current collector 154 to form seals 140. Finally, the
peripheral ends of the sealed electrochemical cell may be
further taped to frame the cell. Tapes 145, as well as other
coatings, sealing, or material layers, may be disposed around
the outer perimeter of the metal layers and seals. The tape
145 may be substituted with ceramic or polymeric materials.
Tape 145 may be included for various reasons including to
prevent shorting to adjacent layers or to surrounding con-
ductive surfaces within the device, to provide improved
clectrochemical or chemical stability, and to provide
mechanical strength.

FIGS. 1 and 2 illustrate an exemplary stacked battery
design according to the present technology. Additional con-
figurations other than illustrated, or as vanations on the
designs, are also encompassed by the present technology.
For example, certain embodiments may not include an
additional seal material, and first current collector 152 and
second current collector 154 may be directly coupled or
bonded together. Additionally, the current collectors may
include designs including combinations of polymer material
and conductive materials, such as within a matrix.

An exemplary matrix for a current collector may include
a polymer disposed as the matrix material or as part of the
matrix material. The matrix may provide an insulative
design that limits or reduces xy-directional conductivity. The
polymer matrix may be developed with a conductive mate-
rial to produce a current collector having particular electro-
chemical or composite properties, such as electrical conduc-
tivity 1n the z-direction or through the cell. For example,
conductive particulate material may be incorporated within
the matrix. The conductive material may include any of the
conductive materials previously identified. In embodiments,
the conductive material may include one or more of silver,
aluminum, copper, stainless steel, and a carbon-containing
material. In this way, the current collector may have a tuned
resistivity to provide directional control for electrical con-
ductivity. For example, the produced current collector may
be configured to provide an in-plane resistivity across a
length 1n the xy-plane, as well as a through-plane resistivity
in the z-direction, which is greater than or about 1x10~*
ohm-m 1n embodiments. Additionally, exemplary current
collectors may have an in-plane and through-plane resistiv-
ity of between about 1x10™> ohm-m and about 1,000 ohm-m.
In other embodiments, more conventional electrical distri-
bution may be employed, where current 1s transierred along
conductive current collectors into and out of the cell.

Turning to FIG. 3 1s shown a schematic exploded view of
a battery 300 according to some embodiments of the present
technology. Battery 300 may be or include any of the
components, features, or characteristics of any of the battery
cells previously described, and may illustrate additional
details of the components described above, as may be
incorporated within a battery. The view 1llustrated may show
one possible formation of a battery pack encompassed by the
present technology, although any other geometry may also
be produced. Although battery cells may be characterized by
any dimensions according to embodiments of the present
technology, 1n some embodiments the battery cells may be
characterized by greater length and width dimensions rela-
tive to a thickness of the battery cell. For example, in some
embodiments, battery cells may be characterized by a length
and/or width of greater than or about 100 mm, and may be
characterized by a length and/or width of greater than or
about 200 mm, greater than or about 500 mm, greater than
or about 1.0 m, greater than or about 1.5 m, greater than or
about 2.0 m, greater than or about 3.0 m, or more. Addi-
tionally, 1n some embodiments, battery cells may be char-
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acterized by a thickness of less than or about 10 mm, and
may be characterized by a thickness of less than or about 5
mm, less than or about 3 mm, less than or about 2 mm, less
than or about 1 mm, less than or about 0.5 mm, less than or
about 0.25 mm, less than or about 0.1 mm, or less. Accord-
ingly, in some embodiments the length and/or width dimen-
sion may be several orders of magnitude greater than the
battery cell thickness.

Additionally, current collectors may be or include mate-
rials characterized by higher resistivity, which may provide
an 1n-plane resistivity that 1s many orders of magnitude
higher than the through-cell resistivity, and which may be
many orders of magnitude higher than conventional current
collector materials, such as metals. As explained above, this
may allow a z-directional transmission of current through
the constituent battery cells, while limiting or controlling the
lateral transmission of current. However, as discussed pre-
viously, this may cause challenges for uniform current
delivery across the battery pack. To overcome these poten-
tial 1ssues, 1n embodiments of the present technology, con-
trol boards or end plates according to some embodiments of
the present technology may include layouts that control
current delivery from a central distribution block to improve
uniformity of delivery through the battery stack.

As shown 1n the figure, battery 300 may include a housing,
305 or enclosure, which may form an internal volume for
incorporating aspects of the battery. Seated within the hous-
ing may be a base plate 310, which may include a number
of fasteners 315 or retaining members extending up from the
base plate. A first circuit board 320 may be included over-
lying the base plate 310. The circuit board 320 may define
a number of apertures through which each of the fasteners
315 may extend. A battery stack 325 may be disposed
overlying the first circuit board 320. The battery stack 3235
may be electrically coupled with the first circuit board,
which may be operated at a first electrical potential. The
battery stack 325 may include a number of battery cells,
which may include any aspects of the battery cells as
described above 1n some embodiments, including polymeric
current collectors, and a configuration to deliver current
vertically or through the current collectors to the next cell,
as opposed to laterally, such as via conductive tabs coupled
together 1n many conventional batteries.

The battery stack 325 may also define one or more
apertures, including a plurality of apertures across the stack.
As 1llustrated, the apertures may extend through the active
regions of the battery stack, which may include sealed
apertures, for example, through each battery cell to prevent
shorting through the cell. A second circuit board 330 may be
disposed overlying the battery stack 325, and the battery
stack 325 may be electrically coupled with the circuit board,
and operated at a second electrical potential, which may be
the opposite potential at which the first circuit board may be
operated. Current may be transferred vertically between the
circuit boards, which may be similar to end plates as
previously described. Accordingly, imnstead of joining a num-
ber of conductive tabs of each cell, current may be trans-
terred from one cell to the next at all locations across the
active area of the battery cells.

Second circuit board 330 may define a plurality of aper-
tures through which the {fasteners may extend. Shown
extending from second circuit board 330 are housings 335
for fasteners 315, which may optionally be included 1n some
embodiments as described below. A lid 340 may be disposed
overlying the second circuit board 330. In some embodi-
ments lid 340 may include both a compression plate and a
lid as may be described further below, and 1n some embodi-
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ments the second circuit board may operate as a compres-
sion plate, again as further described below. Lid 340 may be
coupled, such as bolted, bonded, welded, or otherwise
coupled 1 any number of ways with housing 305 about a
perimeter of the two components. Fasteners 315 may extend
from base plate 310 through lid 340 1n some embodiments,
which may compressibly couple the compression plate,
second circuit board, and/or lid with the base plate. Accord-
ingly, in some embodiments, each of the circuit boards, and
any base plate or compression plate, as well as the battery
stack, and/or lid may include axially aligned apertures,
which may produce channels through which the fasteners
may extend. One or more aspects of the fastener may be
conductive 1n some embodiments of the present technology,
and thus 1n embodiments a seal may be formed 1n the active
region of each battery cell of the battery stack about an
aperture that partially defines the channel through the struc-
ture, at each location where an aperture may be formed.

FIG. 4 shows a schematic top view ol a battery 400
according to some embodiments of the present technology.
Battery 400 may include any aspect, characteristic, or com-
ponent of any of the batteries described above, and may
illustrate a view of a first circuit board 405. Circuit board
405 may include any feature or characteristic of circuit
boards illustrated above, and may illustrate a circuit board
assembly. The view 1llustrated may show a first surface of
circuit board 405, where a second surface opposite the first
surface may be in contact, physically and/or electrically,
with the battery stack as described above. Additionally
illustrated 1s a power distribution block 420, which may be
coupled with both first circuit board 405 as well as a second
circuit board electrically coupled with an opposite side of a
battery stack as 1llustrated above. First circuit board 405 and
a second circuit board may be similar components, although
in some embodiments the orientation may be adjusted in one
or more ways as will be described turther below.

First circuit board 405, as well as a second circuit board,
may be characterized by a first edge 406, which may extend
within an enclosure adjacent power distribution block 420.
A busbar may extend along the first edge on the first surface
of the circuit board 405, which may allow current to be
distributed to or from the power distribution block 420. The
power distribution block may be coupled with the first
surface of the first circuit board as well as a first surface of
the second circuit board. This may allow a controlled
distribution of current as compared to across the second
surface of each circuit board, which may include a conduc-
tive layer extending across the surface.

First circuit board 405, as well as a second circuit board,
may be characterized by a second edge 407, which may
extend orthogonally to the first edge. The second edge may
extend from a proximal end of the first edge, while a third
edge 408 opposite the second edge may extend from a distal
end of the first edge. A fourth edge 409 may extend opposite
and parallel to the first edge as illustrated. The first surface
of the circuit boards may be characterized by a laminated
structure, such as may be any type of printed circuit board,
for example. Across the first surface of the circuit boards
may be one or more, icluding a plurality, of conductive
traces 410 formed along the first surface. The conductive
traces 410 may extend from first edge 406 to second edge
407. Along first edge 406, the conductive traces may be
clectrically coupled with power distribution block 420, such
as with a busbar or with other conductive coupling. Current
may be delivered, or received 1n the opposite operation of
charging or discharging as illustrated, and the current may be
spread across the first edge 406 of the circuit board. The
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current may then be distributed across the conductive traces,
which may deliver the current to the second edge 407 of the
circuit board. The current may then be transierred through
the circuit board to the second surface, such as through a
number of vias as will be described further below. Addi-
tionally, a more continuous edge plating or castellation may
be formed along the second edge, and may wrap around the
second edge of the board electrically connecting the second
surface with the first surface.

As discussed above, batteries according to some embodi-
ments of the present technology may be characterized by
larger lateral dimensions. This may aflect current distribu-
tion across the battery. As current may distribute vertically
through the battery stack based on high impedance current
collectors, which may be characterized by high lateral
impedance, uniformly distributing current across the lateral
surface of the battery stack before vertical transmission may
facilitate operation of the battery, and limit voltage or
temperature fluctuation across the cells. To improve lateral
distribution across the battery stack, the two circuit boards
may be configured to have more uniform or balanced
impedance across lengths of the circuit boards.

For example, as illustrated, the conductive traces 410 may
run along a length and width of the circuit board. In some
embodiments the traces may be extended about or 1nsulated
from the retraining members or fasteners extending through
the battery. The trace widths, along with other features, may
be modified to aifect impedance along the individual traces.
This may allow current to more uniformly reach the second
surtace 407 of the circuit board for transmission through the
circuit board. By moditying the impedance along the trace,
the varying lengths of the traces may be accommodated to
provide a more equalized conductance across the circuit
board traces.

For example, a first conductive trace 410a may be located
as the nearest trace to the proximal end of first edge 406
where second edge 407 extends. Current delivered along this
trace may have the shortest route across the surface of the
circuit board. A second conductive trace 4100 may be
located as the furthest trace from the proximal end, such as
adjacent the distal end of first edge 406 where third edge 408
extends from the first edge. As 1llustrated, the second trace
may have a greater length across the length and width of the
circuit board relative to the first conductive trace 410a. To
coordinate delivery of current across both traces, and each
intervening trace, the impedance of each trace may be
adjusted. For example, by increasing the width or the
amount ol conductive materal in a trace, impedance may be
reduced, while by decreasing the width or the amount of
conductive material 1n a trace, impedance may be increased.
Hence, first conductive trace 410a may be characterized by
a first impedance 1 some embodiments, and second con-
ductive trace 41056 may be characterized by a second imped-
ance that 1s less than the impedance of the first conductive
trace. When width 1s a factor in trace impedance, the traces
may be characterized by successively increasing width, and
the second conductive trace may be at least twice the width
of the first conductive trace, and may be at least three times
the width, at least four times the width, at least five times the
width, or more.

Consequently, where each successive trace from the
proximal end of first edge 406 to the distal end may be
characterized by an increased trace length as illustrated, each
successive trace 1n that direction along the first edge from
the second edge 407 to the third edge 408 may be charac-
terized by a lower impedance relative to the preceding trace.
In the opposite direction from the distal end to the proximal
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end, each successive trace may be characterized by
increased 1mpedance relative to a preceding trace. The
impedances may be adjusted to accommodate any lateral
dimensions to be traversed by current being delivered,
which may allow the current to reach either the first or
second edge at a similar rate. This may produce a more
uniform delivery of current through the battery, which may
improve operation of the battery over time by limiting dead
zones as well as hot spots within the battery stack. In
reverse, current may be received along the second edge 407
of the circuit boards equally across the edge as will be
explained below, and then delivered along the traces as
illustrated by the arrows. Once current 1s received along first
edge 406, the current may be distributed, either along a
conductive run or busbar to an electrical coupling for power
distribution block 420.

FIG. 5 shows a schematic 1sometric view of a configu-
ration 500 of circuit boards according to some embodiments
of the present technology. The illustration may show with a
battery stack disposed between the two circuit boards
removed, but it 1s to be understood that the configuration 500
may be part of any battery as previously described, and may
include any of the components discussed above. For
example, a battery stack may be disposed between the two
circuit boards in contact with a second surface of each circuit
board, and a number of fasteners may be extended between
the components as noted above. Although terms such as first
circuit board and second circuit board may be used, either
circuit board may be a first or second circuit board 1n
embodiments of the present technology as would be under-
stood by the skilled artisan.

The circuit boards may include a first circuit board 403 as
illustrated above as well as a second circuit board 505,
which may be similar to circuit board 403, and may include
any component, feature, or characteristic of the circuit
board. In some embodiments, circuit board 505 may be
identical to circuit board 4035, but may be flipped about a
longitudinal axis along the circuit board. Accordingly, traces
may begin from the same edge of the circuit board, but may
extend to the opposite longitudinal edge of the circuit board.
For example, as discussed above, first circuit board 405 may
be characterized by a first surface, which can be seen in the
illustration, and may be characterized by a first edge 406, a
second edge 407, and a third edge 408. Second circuit board
505 may be characterized by a first surface similar to the first
circuit board, and may 1illustrate a second surface of the
circuit board, which may be similar to a second surface of
the first circuit board. The second surface may include a
layer of conductive material, such as copper or aluminum, as
well as any other conductive material, extending across the
second surface of the circuit boards. As shown, the conduc-
tive material may be maintained a radial distance away from
cach aperture extending through the circuit board 1n some
embodiments. The conductive material may quickly diffuse
current received from the first surface of the circuit board
across the second surface to provide a uniform coverage of
clectrical distribution.

To further facilitate distribution across the entire area of
the battery stack, the circuit boards may deliver current
between the first surface and second surface from opposite
edges of the circuit board. For example, as illustrated, first
circuit board 4035 may include conductive traces 410 extend-
ing from first edge 406 to second edge 407. Second circuit
board 505 may also be characterized by a first edge 506 from
which a plurality of conductive traces may extend, and
which may be coupled with a power distribution block as
previously described. Second circuit board 505 may also be
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characterized by a second edge 507 extending orthogonally
to the first edge 506 from a proximal end of the first edge
506. As shown, first edge 506 may be vertically aligned with
first edge 406 of the first circuit board, and second edge 507
may be vertically aligned with the second edge 407 of the
first circuit board. Second circuit board 505 may also be
characterized by a third edge 508 opposite the second edge
507 and extending from a distal end of the first edge 506.
Third edge 508 may be vertically aligned with third edge
408 of the first circuit board.

As noted above, second circuit board 503 may be a tlipped
orientation of the first circuit board 405, where third edge
508 of the second circuit board may be equivalent to second
edge 407 of the first circuit board. Accordingly, conductive
traces along the first surface of the second circuit board may
extend from first edge 506 to third edge 508, such as if
second edge 407 of the first circuit board were rotated about
a longitudinal axis through the first circuit board to position
the second edge where third edge 408 1s located. This may
allow the conductive traces to distribute current to opposite
sides of the circuit boards along the first surfaces of the
circuit boards. Consequently, the illustration of second cir-
cuit board 505 may 1llustrate a second surface of first circuit
board 405 when tlipped, and the illustration of first circuit
board 405 may illustrate a first surface of the second circuit
board 505 when flipped.

The first surface of the circuit boards may be electrically
insulated from the second surface of the circuit boards
across the circuit boards. However, conductive vias may
clectrically couple the two surfaces along an edge of the
circuit board, such as where conductive traces extend from
first surface 406 or first surface 506. Accordingly, a plurality
of conductive vias may extend along and be defined through
the second edge 407 of the first circuit board to electrically
couple the second surface of the first circuit board with the
first surface of the first circuit board. Similarly, a plurality of
conductive vias may extend along and be defined through
the third edge 408 of the second circuit board to electrically
couple the second surface of the second circuit board with
the first surface of the second circuit board. This may help
improve current distribution so current distributed through
the battery stack may not be more concentrated along one
edge of the battery stack 1n some embodiments. Conductive
traces 410 extending from first edge 406 to second edge 407
may electrically couple the power distribution block with the
plurality of conductive vias through the first circuit board.
Similarly, conductive traces extending from the first edge
506 to third edge 508 may electrically couple the power
distribution block with the plurality of conductive wvias
through the second circuit board.

FIG. 6 A shows a schematic 1llustration of vias and traces
according to some embodiments of the present technology,
such as 1n a detailed view of the 1dentified portion of circuit
board 405 discussed above. For example, the figure may
show a proximal end of first edge 406 at the intersection of
second edge 407. A first conductive trace 410 may be
extended between the two edges as previously described.
Along first edge 406 may be a conductive material or busbar
605 for distributing current from a power distribution block
to the conductive traces. The traces may then distribute
current uniformly to the second edge 407 as previously
described. A plurality of conductive vias 610 may be dis-
tributed along the second edge 407, and may electrically
couple the first surface of the circuit board with a second
surface of the circuit board, which may then transier current
with the battery stack. The vias may be of any size and may
be distributed in any way along the edge. In some embodi-
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ments the conductive vias may be distributed equidistantly
along the second edge to more uniformly transier current
from the first surface to the second surface. As noted
previously, the edge may also include a continuous edge
plating extending along the second surface and wrapping
around the board or coupling through the board, and elec-
trically connecting the second surface with the first surface.

FIG. 6B shows a schematic illustration of vias according
to some embodiments of the present technology, such as in
a detailed view of the identified portion of circuit board 505
discussed above. For example, the figure may show a region
along a third edge 508, where a conductive material layer
extends across the second surface of the circuit board. Along
third edge 508 may be a plurality of conductive vias 615,
which may be distributed along the third edge 508, and may
clectrically couple the first surface of the circuit board with
a second surface of the circuit board, which may then
transfer current within the battery stack. By aligning the
conductive vias on opposite sides ol the battery stack,
improved current distribution may be aflorded through the
battery stack.

The present technology may also encompass additional
battery configurations having balanced electrical busing.
Additionally, because battery cells according to the present
technology may be formed to any number of shapes or
geometries, the cells may also be configured to allow
components to be recessed within the battery stack, reducing
the overall footprint of the technology. FIG. 7 shows a
schematic top view of a battery 700 including busbars
according to some embodiments of the present technology.
It 1s to be understood that battery 700 may include any
aspect, component, characteristic, or feature of any battery
discussed previously. The illustration may show an addi-
tional configuration for incorporating busbars along the
battery to more uniformly draw and deliver current through
the battery stack. The figure may illustrate a top view
showing a circuit board 705, such as a first or second circuit
board. The circuit board may include aspects as previously
described, such as a conductive layer on a second surface of
the circuit board, such as where the circuit board 1s coupled
with a battery stack. It 1s to be understood that the battery
700 may include any of the other battery components
discussed previously, including a compression plate or cover
as previously described, as well as a power distribution
block electrically coupled with the circuit boards as dis-
cussed above.

Across the first surface of the battery may be incorporated
a plurality of busbars 710 extending laterally across the first
surface of the circuit board. The busbars may include any
number of busbars providing a number of connections with
the battery to provide multiple electrical connection loca-
tions for drawing or delivering current to the battery. The
busbars may be electrically coupled together, and coupled
with a power distribution block as discussed above, such as
with one or more central bus elements 710a, which may
deliver current across the battery. As shown, each busbar
may be coupled with at least two retaining members extend-
ing through the battery pack as will be described further
below. Any number of conductive couplers may be included
for busing, and the number may be based on the size of the
battery or layout, where longer areas may include additional
connection positions to further increase uniformity of cur-
rent delivery through the battery. The busbars may be
included 1n groups or sets as 1llustrated, where a first set 715
may be used to electrically couple with the second surface
of the first circuit board, and a second set 720 may be used
to electrically couple with the second surface of the second
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circuit board. As will be described further below, 1in some
embodiments the connections may be made through the
fasteners or retaining members through the battery.

FIG. 8 shows a schematic top view of a battery 800
according to some embodiments of the present technology. 5
It 1s to be understood that battery 800 may include any
aspect, component, characteristic, or feature of any battery
discussed previously. The illustration may show an addi-
tional configuration for incorporating busbars along the
battery to more uniformly draw and deliver current through 10
the battery stack. The figure may illustrate a top view
showing a circuit board 805, such as a first or second circuit
board. Battery 800 may illustrate another encompassed
incorporation of busbars 810, where the busbars are spaced
turther outward laterally, such as adjacent a second edge and 15
third edge as previously described. The busbars may couple
with outermost retaining members through the battery pack,
which may further improve current distribution and unifor-
mity through the battery pack. The busbars 810 may include
central connectors that couple the individual busbars to a 20
central distributor that may be coupled with a power distri-
bution block, for example.

FIG. 9 shows a schematic top view of a battery according
to some embodiments of the present technology, and may
show a view of battery 700 with circuit board 705 removed. 25
As 1llustrated, battery stack 905 may be seen along with
busbars 710 extending across the battery stack. Batteries
according to the present technology may include a number
of additional components associated with the batteries,
including high voltage components, which may be or 30
include contactors, fuses, connectors, shunts, circuitry, and
any other components associated with electrical delivery
through the battery as well as coupling with a power
distribution block 910 as previously described. Many con-
ventional technologies may utilize batteries that include 35
battery cells 1n set housing, such as boxed battery cells, and
thus associated components for integrating the batteries or
clectrically coupling the batteries may be forced to be
coupled at an exterior of the cells.

The present technology may include stacks of cells as 40
previously described, which may {facilitate cutouts or
recesses to accommodate any number of configurations. For
example, cutouts may be formed to accommodate aspects of
a device 1n which the battery 1s incorporated, as well as to
accommodate components associated with the battery. As 45
shown 1n the figure, mnstead of electrical components being
connected externally to an outer footprint of the battery
stack, 1n some embodiments the components may be ncor-
porated internally with cutouts 1n the battery stack. This may
reduce an overall battery footprint for incorporation within 50
a device or system. Because of the lateral dimensions of
cells according to some embodiments of the present tech-
nology, cutouts can be made at any location to facilitate
relevant placement of components.

FIG. 10 shows a schematic detailed view of electronic 55
components associated with batteries according to some
embodiments of the present technology, and may show a
detailed view of battery stack 903. It 1s to be understood that
the battery may include any component, feature, or charac-
teristic of any other battery or component described previ- 60
ously. As shown, battery stack 905 may define a plurality of
holes through the battery stack, which may have a number
of fasteners 910 extending through the aperture for com-
pressibly coupling the circuit boards with the battery stack.
Across the battery stack, including overlying the circuit 65
board as previously described, may be a number of busbars
915, which may electrically couple through the circuit board
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with the second surface of each circuit board for delivering
current to or receiving current from the battery stack.

As shown, the busbars 915 may be conductive members
extending across the battery and coupling with one or more
tasteners 910, which may facilitate electrical coupling with
the circuit boards as described below. The busbars 915 may
then be electrically coupled with electrical components
incorporated within recesses formed through the battery
stack to provide central busing to and from the battery stack,
which may then allow the current to be distributed from the
battery. As noted above, busbars 915 may be grouped
together 1 sets of busbars as illustrated, and may be
associated with fasteners having different configurations for
coupling with the two circuit boards. For example, a first set
of busbars 915a may be coupled with a first set of fasteners
910a, which may include features configured to conduc-
tively couple with the second surface of the first circuit
board. Additionally, a second set of busbars 9156 may be
coupled with a second set of fasteners 9105, which may
include features configured to conductively couple with the
second surface of the second circuit board. Any number of
additional sets of busbars and fasteners may be incorporated
to further facilitate more uniform distribution of current
from the battery stack. While fasteners 910aq and fasteners
910H, all of which may be coupled with busbars, may
include components for current delivery, other fasteners
through the battery may not include the additional compo-
nents, and may be simplified for compressive coupling, or
may be utilized for cell monitoring and balancing opera-
tions.

FIG. 11 shows a schematic partial view of a battery 1100
according to some embodiments of the present technology,
and may 1llustrate additional aspects of busing through the
battery stack as previously described. Battery 1100 may
include features of batteries as previously described, and
may include any component, characteristic, or feature of any
battery discussed elsewhere. For example, battery 1100 may
include a base plate 1105, which may be seated in a housing,
and may define channels for delivering a heat exchange
fluad. A first circuit board 1110 may be seated overlying the
base plate, and may include any of the features of circuit
boards previously described. For example, a second surtace
facing away from the base plate may include a conductive
layer as described above. A battery stack 1115 may be seated
overlying the first circuit board, and may include a plurality
of battery cells as described above. The battery stack 1115
may be electrically coupled with the second surface of the
first circuit board. A second circuit board 1120 may be seated
overlying the battery stack, and may include a conductive
layer on a second surface facing the battery stack. The
battery stack may also be electrically coupled with the
second surface of the second circuit board.

A plurality of retaining members 1125 may be included
compressibly coupling the second circuit board with the first
circuit board. Each retaining member may extend through a
separate aperture defined through the battery stack. Addi-
tionally, busbars 1130 may be coupled with the battery for
distributing current to and from the battery. As described
above, the busbars 1130 may include a first set of busbars as
illustrated, which may be coupled with a set of retaining
members extending through the battery stack. These par-
ticular retaining members may iclude components forming
clectrical coupling with the second surface of the second
circuit board as 1llustrated. For example, including a bolt or
other coupling component extending from the second circuit
board to the base plate, the retaining members 1125 may
include a conductive coupler 11335 extending through and
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accessible through the second circuit board and coupled with
the second surface of the second circuit board.

A gasket or isulator 1140 may extend about the conduc-
tive coupler, which may be seated within the insulator, to
limit or prevent electrical coupling with other components of
the system. For example, mnsulator 1140 may extend about
an exterior surface of the conductive coupler and about the
bolt of the retaining member 11235 to 1nsulate the bolt from
the conductive coupler. The insulator may additionally
extend along an underside of the bolt head, which may limat
or prevent contact between the busbar and the bolt. The
busbar may extend to the retaining member and contact the
conductive coupler 1n any number of ways. For example, the
conductive coupler may include a ring at an end of the
coupler, through which the insulator 1140 may extend to
limit contact between the busbar and the bolt, while increas-
ing contact circumierentially about the bolt with the con-
ductive coupler, which may be an annular component
extending about the bolt. The conductive couplers may be
any different conductive material, and any other type of
conductive couplings or traces may be extended between the
busbar and the second surface of the circuit board to provide
the electrical contact, and are similarly understood to be
encompassed by the present technology.

FIG. 12 shows a schematic partial view of battery 1100
according to some embodiments of the present technology,
and may 1illustrate a second set of busbars and retaining
members for coupling with the second surface of first circuit
board 1110. It 1s to be understood that the figure may
illustrate a separate section of the battery as previously
described. For example, 1n addition to the first set of busbars
1130, a second set of busbars 1205 may be 1included over-
lying the second circuit board, which may be coupled with
a set of retaining members extending through the battery
stack. These particular retaiming members 1210 may include
components forming electrical coupling with the second
surface of the first circuit board 1110 as illustrated.

For example, including a bolt or other coupling compo-
nent extending from the second circuit board to the base
plate, the retaining members 1210 may include a conductive
coupler 12135 extending through and accessible through the
second circuit board 1120 and battery stack, and coupled
with the second surface of the first circuit board. The
conductive coupler may be a sleeve, which may be disposed
about the bolt along with an isulator 1220 limiting or
preventing contact between the conductive coupler 1215 and
the bolt or other components. The busbars 1205 may be
coupled with the conductive coupler 1215 as previously
described, which may provide electrical coupling with the
second surface of the first circuit board.

As discussed above, battery stacks according to some
embodiments of the present technology may facilitate reduc-
ing the space for external components, by aflording con-
figurations 1n which recesses may be formed or cutouts may
be produced through the battery stack. FIG. 13 shows a
schematic cross-sectional view of a battery 1300 according
to some embodiments of the present technology. For
example, a battery stack 1310 may include a number of
stacked battery cells as previously described. A set of
busbars 1315 may extend across a top of the battery stack,
such as above a circuit board as discussed above, for
distributing current to and from the battery. As shown
previously, such as with FIG. 10, electrical components may
be associated with batteries of the present technology.
Unlike conventional technology that may couple the elec-
trical components externally to the battery stack, which may
aflect overall geometry, or increase an enclosure volume to

5

10

15

20

25

30

35

40

45

50

55

60

65

18

accommodate the additional components, the present tech-
nology may seat components within the battery stack. As
shown, one or more electrical components 1320, may be
disposed within a recess formed within the battery stack
1310, and the busbars may be connected through the first
circuit board with the components seated within the recesses
formed 1nto the battery stack. The electrical components
may be contactors, high voltage components, or any other
clectrical component either discussed above, or that may be
included with batteries to facilitate current distribution.
Cutouts and recesses may also accommodate exterior
aspects of a device or system in which the battery may be
installed. By utilizing battery cells that may accommodate
cutouts within an active areca of the battery cells, any
geometry or system may be accommodated by batteries
according to embodiments of the present technology.

FIG. 14 shows a schematic partial cross-sectional view of
a battery cell 1400 within a battery according to some
embodiments of the present technology. Battery cell 1400
may 1nclude any of the components, features, or character-
istics of any of the battery cells previously described, and
may 1llustrate additional details of the components described
above, as may be incorporated within a battery or battery
stack according to some or any embodiments of the present
technology, including any battery previously described. For
example, battery cell 1400 may 1llustrate an individual cell
included within battery stacks described above, or any other
stack noted previously, and which may include apertures for
retaining members, or cutouts through the battery cells for
recessing components as discussed above. It 1s to be under-
stood that although not all components may be illustrated 1n
this figure for ease of explanation, any of the previously
noted battery components may be included 1n battery cell
1400.

As 1llustrated, and as previously described, battery cell
1400 may include an anode current collector 1405, which
may be or include a polymeric material, and which may
include an anode active material 1410 disposed on the anode
current collector. The battery cell 1400 may include a
cathode current collector 1415, which may be or include a
polymeric material, and which may include a cathode active
material 1420 disposed on the cathode current collector. A
separator 1425 may be disposed between the anode active
material and the cathode active matenal, and electrolyte
1430 may be included within the cell. At edge regions of the
cell as previously described, and which may include either
exterior edges of the battery cell or edges about a cutout for
retaining members or other components, the cell may be
sealed ofl, or include seals as previously described.

Additionally, a seal 1435 may be formed within the active
region of the battery cells at each location where an aperture
may be formed to receive a fastener 1440 extending through
cach cell of the battery stack, or which may provide a recess
within the battery stack specifically sized to accommodate
the exterior geometry of components to be seated within the
recess. The seal may extend as an annulus about each
aperture formed to ensure the cells may remain sealed to
prevent leakage or shorting within the cell, or may be
formed to the specific exterior geometry of a component
being accommodated. This may allow less active area mate-
rial to be removed by creating the cutout to a specific
tolerance about the component, which may limit a reduction
in capacity. By utilizing batteries according to embodiments
of the present technology, improved current distribution and
packaging may be provided.

In the preceding description, for the purposes of expla-
nation, numerous details have been set forth in order to
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provide an understanding of various embodiments of the
present technology. It will be apparent to one skilled 1n the
art, however, that certain embodiments may be practiced
without some of these details, or with additional details.

Having disclosed several embodiments, 1t will be recog-
nized by those of skill in the art that various modifications,
alternative constructions, and equivalents may be used with-
out departing from the spirit of the embodiments. Addition-
ally, a number of well-known processes and elements have
not been described 1n order to avoid unnecessarily obscuring,
the present technology. Accordingly, the above description
should not be taken as limiting the scope of the technology.

Where a range of values 1s provided, 1t 1s understood that
cach mtervening value, to the smallest fraction of the unit of
the lower limit, unless the context clearly dictates otherwise,
between the upper and lower limits of that range 1s also
specifically disclosed. Any narrower range between any
stated values or unstated intervening values 1n a stated range
and any other stated or intervening value 1n that stated range
1s encompassed. The upper and lower limits of those smaller
ranges may independently be included or excluded in the
range, and each range where either, neither, or both limaits are
included 1n the smaller ranges 1s also encompassed within
the technology, subject to any specifically excluded limait in
the stated range. Where the stated range includes one or both
of the limits, ranges excluding either or both of those
included limits are also included. Where multiple values are
provided 1n a list, any range encompassing or based on any
of those values 1s similarly specifically disclosed.

As used herein and 1n the appended claims, the singular
forms “a”, “an”, and “the” include plural references unless
the context clearly dictates otherwise. Thus, for example,
reference to “a material” includes a plurality of such mate-
rials, and reference to “the cell” includes reference to one or
more cells and equivalents thereof known to those skilled in
the art, and so forth.

Also, the words “comprise(s)”, “comprising”, “contain(s)
7 ”, “include(s)”, and “including”, when used 1n

, “‘containing”,
this specification and 1n the following claims, are intended
to specily the presence of stated features, integers, compo-
nents, or operations, but they do not preclude the presence
or addition of one or more other features, integers, compo-
nents, operations, acts, or groups.

What 1s claimed 1s:

1. A battery comprising:

a first circuit board characterized by a first surface and a
second surface opposite the first surface, wherein the
second surface comprises a conductive layer;

a battery stack overlying the first circuit board and elec-
trically coupled with the second surface of the first
circuit board, wherein the battery stack comprises a
plurality of battery cells;

a second circuit board overlying the battery stack,
wherein the second circuit board 1s characterized by a
first surface and a second surface opposite the first
surface, wherein the second surface comprises a con-
ductive layer, and wherein the battery stack i1s electri-
cally coupled with the second surface of the second
circuit board; and

a power distribution block electrically coupled with the

first surface of the first circuit board along a first edge
of the first circuit board, wherein the power distribution
block 1s also electrically coupled with the first surface
of the second circuit board along a first edge of the first
circuit board, wherein the first circuit board is charac-
terized by a second edge extending orthogonally to the
first edge, and wherein the second edge 1s plated with
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a conductive material extending about the second edge
and coupling the second surface of the first circuit
board with the first surface of the first circuit board.

2. The battery of claim 1, wherein the conductive material
comprises a plurality of conductive vias.

3. The battery of claim 2, wherein the plurality of con-
ductive vias are distributed equidistantly along the second
edge of the first circuit board.

4. The battery of claim 2, wherein a plurality of conduc-
tive traces are formed along the first surface of the first
circuit board extending from the first edge of the first circuit
board to the second edge of the first circuit board to
clectrically couple with the plurality of conductive wvias
through the first circuit board.

5. The battery of claim 4, wherein the first edge of the first
circuit board 1s characterized by a proximal end at which the
second edge intersects the first edge, wherein a first con-
ductive trace formed adjacent the proximal end 1s charac-
terized by a first impedance, and wherein a second conduc-
tive trace adjacent a distal end of the first edge of the first
circuit board 1s characterized by a second impedance less
than the first conductive trace.

6. The battery of claim 5, wherein the second conductive
trace 1s characterized by a greater width than the first
conductive trace.

7. The battery of claim 5, wherein each successive trace
of the plurality of traces positioned along the first edge of the
first circuit board from the distal end of the first edge of the
first circuit board to the proximal end of the first edge of the
first circuit board 1s characterized by an increasing imped-
ance relative to a preceding trace.

8. The battery of claim 5, wherein each successive trace
of the plurality of traces positioned along the first edge of the
first circuit board from the distal end of the first edge of the
first circuit board to the proximal end of the first edge of the
first circuit board 1s characterized by a decreasing trace
length relative to a preceding trace.

9. The battery of claim 4, wherein the second circuit board
1s characterized by a second edge extending orthogonally to
the first edge of the second circuit board from a proximal end
of the first edge of the second circuit board, wherein the
second edge of the second circuit board 1s vertically aligned
with the second edge of the first circuit board, wherein the
second circuit board 1s characterized by a third edge oppo-
site the second edge and extending from a distal end of the
first edge of the second circuit board, wherein a plurality of
conductive vias are defined through the third edge of the

second circuit board and electrically couple the second
surface of the second circuit board with the first surface of
the second circuit board.

10. The battery of claim 9, wherein a plurality of con-
ductive traces are formed along the first surface of the
second circuit board extending from the first edge of the
second circuit board to the third edge of the second circuit
board to electrically couple with the plurality of conductive
vias through the second circuit board.

11. The battery of claim 10, wherein a first conductive
trace formed adjacent the proximal end of the first edge of
the second circuit board i1s characterized by a first imped-
ance, and wherein a second conductive trace adjacent a
distal end of the first edge of the second circuit board 1is
characterized by a second impedance greater than the first
conductive trace.

12. A battery comprising;:

a first circuit board characterized by a first surface and a

second surface opposite the first surface, wherein the
second surface comprises a conductive layer;
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a battery stack overlying the first circuit board and elec-
trically coupled with the second surface of the first
circuit board, wherein the battery stack comprises a
plurality of battery cells, and wherein the battery stack
defines a plurality of apertures through an active region
of the battery stack;

a second circuit board overlying the battery stack,
wherein the second circuit board 1s characterized by a
first surface and a second surface opposite the first
surface, wherein the second surface comprises a con-
ductive layer, and wherein the battery stack 1s electri-
cally coupled with the second surface of the second
circuit board;

a power distribution block electrically coupled with the
first surface of the first circuit board along a first edge
of the first circuit board, wherein the power distribution
block 1s also electrically coupled with the first surface
of the second circuit board along a first edge of the first
circuit board; and

a plurality of retaining members coupling the second
circuit board with the first circuit board, wherein each
retaining member of the plurality of retaining members
extends through a separate aperture of the plurality of
apertures through the active region of the battery stack.

13. The battery of claim 12, further comprising:

a plurality of busbars extending laterally across the first
surface of the first circuit board.

14. The battery of claim 13, wherein each busbar is
coupled with at least two retaining members of the plurality
of retaining members.

15. The battery of claim 14, wherein a {irst set of busbars
of the plurality of busbars 1s electrically coupled with the
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second surface of the first circuit board via a first set of
retaining members of the plurality of retaining members.

16. The battery of claim 15, wherein each retaiming
member of the first set of retaining members of the plurality
of retamming members comprises a conductive coupler
extending through the first circuit board and electrically
coupling the first set of busbars of the plurality of busbars
with the second surface of the first circuit board.

17. The battery of claam 14, wherein a second set of
busbars of the plurality of busbars 1s electrically coupled
with the second surface of the second circuit board via a
second set of retaining members of the plurality of retaining
members.

18. The battery of claim 17, wherein each retaiming
member of the second set of retamning members of the
plurality of retaining members comprises a conductive cou-
pler extending through the first circuit board and the battery
stack and electrically coupling the second set of busbars of
the plurality of busbars with the second surface of the second
circuit board.

19. The battery of claim 18, wherein a recess 1s formed
within the active region of the battery stack through one or
more battery cells of the battery stack.

20. The battery of claim 19, further comprising;:

clectrical components disposed within the recess formed

within the active region of the battery stack.

21. The battery of claim 20, wherein the plurality of
busbars are connected through the first circuit board with the
clectrical components seated within the recess formed
within the active region of the battery stack.
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